Oenococcus oeni is the organism of choice for promoting malolactic fermentation 1 in wine. The population biology of O. oeni is poorly understood and remains unclear. MLST to a non-pathogenic food production bacteria. Oenococcus oeni, formerly Leuconostoc oenos (7), is the species of lactic acid 1 bacteria (LAB) most frequently associated with the malolactic fermentation (MLF) in wine. 2 Malolactic fermentation, which occurs after alcoholic fermentation during wine-making, is 3 induced by the growth of lactic acid bacteria. Normally, spontaneous malolactic 4 fermentation takes place when lactic acid bacteria develop in wine after alcoholic 5 fermentation. However, when fermentation by indigenous bacteria is relied upon, the 6 fitness of the bacteria present to carry out MLF may be highly variable, and consequently 7 the desirability of their winemaking properties is unpredictable. In order to exercise greater 8 control over winemaking processess, common wine making practices therefore involve 9 inoculation of wine with either commercially prepared strains or "in-house" winery strains 10 of malolactic bacteria for a more accurate control of the process (4). Therefore, 11 differentiation of O. oeni strains at the strain level becomes a major concern, since their 12 adaptation to wine and influence on organoleptic quality are strain-specific (2). Moreover, Leuconostoc is generally accepted, there is some controversy regarding both the evolution 1 rate of the species and its diversity (6, 47 The method of split decomposition was used to assess the degree of tree-like 19 structure present in the alleles found for each locus in the complete set of 18 isolates (24).
Oenococcus oeni, formerly Leuconostoc oenos (7) , is the species of lactic acid 1 bacteria (LAB) most frequently associated with the malolactic fermentation (MLF) in wine. 2 Malolactic fermentation, which occurs after alcoholic fermentation during wine-making, is 3 induced by the growth of lactic acid bacteria. Normally, spontaneous malolactic 4 fermentation takes place when lactic acid bacteria develop in wine after alcoholic 5 fermentation. However, when fermentation by indigenous bacteria is relied upon, the 6 fitness of the bacteria present to carry out MLF may be highly variable, and consequently 7 the desirability of their winemaking properties is unpredictable. In order to exercise greater 8 control over winemaking processess, common wine making practices therefore involve 9 inoculation of wine with either commercially prepared strains or "in-house" winery strains 10 of malolactic bacteria for a more accurate control of the process (4). Therefore, 11 differentiation of O. oeni strains at the strain level becomes a major concern, since their 12 adaptation to wine and influence on organoleptic quality are strain-specific (2). Moreover, 13 manufacturers of malolactic starters need an accurate control of their products, and wine-14 makers have to be able to recognize the inoculated strains during vinification. The need for 15 positive identification of different isolates is also acknowledged by research workers in the Leuconostoc is generally accepted, there is some controversy regarding both the evolution 1 rate of the species and its diversity (6, 47). Despite the exhaustive phenetic and molecular 2 studies that had been performed on O. oeni, little is known about its population genetics. been often referred to as a highly heterogeneous species, and splitting it into two species 10 (38) or subspecies (41) has been proposed.
11
Multilocus sequence typing (MLST), a method that is based on partial nucleotide 12 sequences of multiple housekeeping genes, has recently been shown to be a powerful 13 technique for bacterial typing (11). Housekeeping genes are preferred because an analysis 14 of mutations in such genes is more likely to properly reflect the phylogeny of strains. 15 MLST uses variation that accumulates slowly, and which is expected to be selectively now, MLST had not been applied to a non-pathogenic food production bacteria used in the 1 food industry where precise methods for characterising isolates are required as well. 2 The present study was undertaken to evaluate the discriminatory power of MLST in 
MATERIALS AND METHODS

12
Strains and DNA preparation. In this study, we examined a total of 18 O. oeni 13 isolates (Table 1) psf.org/draft_microbes/oenoe/oenoe.home.html) with gene sequences from other bacteria. 4 The following four loci were chosen for the sequence analysis scheme: gyrB (coding for β 5 subunit of DNA gyrase and located on contig NZ_AABJ02000001.1), pgm (coding for 6 phosphoglucomutase and located on contig NZ_AABJ02000004.1), ddl (coding for D- oeni, was also included in the study ( The method of split decomposition was used to assess the degree of tree-like 19 structure present in the alleles found for each locus in the complete set of 18 isolates (24). 20 The sequence alignments were converted to NEXUS files, and the split decomposition was 21 performed with SPLITSTREE 2.0 (http://bibiserv.techfak.uni-bielefeld.de/splits/).
22
Three types of statistical analysis were applied to the data: the index of association Nucleotide sequence accession number. The sequences of all alleles have been 6 deposited in the EMBL/GenBank databases, and the accession numbers are listed in Table   7 2.
8
RESULTS
10
Characterization of O. oeni strains by ribotyping and RFLP analysis of ISR.
11
The O. oeni strains recovered from a wide range of years and geographic locations were 12 expected to be diverse. Therefore, PCR products of the 16S-23S rDNA ISR from all O. Table 1 summarizes the allelic profiles of the O. oeni strains used in this study. 23 Each unique combination of allele numbers represents one ST. All STs were represented by 24 a single strain. None strains had identical sequences for all five fragments and all the strains 1 could be distinguished from each other because they had unique combinations of alleles. 2 Isolates that had been shown to be closely related using highly discriminatory typing The allelic profiles and a UPGMA tree based on these allelic profiles are shown in 9 Table 1 was calculated for all five loci and in gyrB and mleA it was <10% (Table 3) There were two possible examples of recombinatorial event in gyrB and recP genes 4 from unknown sources. The mean divergence between allele 7 of recP (6.66%) is much 5 higher than the mean diversity within the other recP alleles (0.37%), with exception of 6 allele 3 (3.61%). Alleles 7 and 3 of recP seem to be originated from a different source. In 7 gyrB, allele 3 showed a divergence of 6.42%, and alleles 2,4, and 5 showed a mean 8 diversity of 4.28%. Therefore, in gyrB alleles 1, 6, 7, and 8 (mean diversity 1.28%) could 9 be originated from a different source from alleles 3, 2, 4, and 5. 10 Sawyer´s test revealed no detectable cases of intragenic recombination in the sample 11 except in the case of the recP locus, in which there was evidence against the null 12 hypothesis of no recombination (P = 0.04) ( Table 4) . This evidence disappeared when the 13 MCF value (P = 1.00) was considered. analysed. The structure of the split graphs varied substantially between the different loci.
10
The splitstree graphs obtained with ddl, pgm and recP loci present a network-like structure.
11
This indicates the presence of homoplasies, probably evolved by intragenic recombination.
12
The split graphs of the other two loci showed no evidence of network-like evolution. The One of the main objetives of this study was to investigate global genomic similarity 3 at the intraspecific level and to develop a sensitive method for strain identification in O. 4 oeni. Therefore, we performed multilocus sequence analysis with five chromosomal genes. 5 We determined the degree of allelic variation in these genes of O. oeni by using a sample of 14 The internal fragments of the five loci that were selected could be amplified from all 15 strains that we examined. The amplified internal fragments were sequenced and from these 16 sequences we were able to use fragments between 339 and 554 bp for analyses (Table 3) . 17 Only two alleles were found in the mleA locus (Tables 1 and 2, Fig. 2 The number of alleles per housekeeping locus ranged from eight to twelve (Table   3 3). The four loci were highly polymorphic and all multilocus types were represented by a 4 single strain. O. oeni, the UPGMA tree based on the allelic profiles (Fig. 3) , the split decomposition 4 analysis of concatenated gene sequences (Fig. 4) (Table 4 ). In our analysis this test failed to detect recombination, in a similar way which was much higher than the mean diversity within the other pneumococcal alleles 10 (0.95%), and similar to the mean divergence between these alleles and that of S. mitis 11 (5.16%). In our study, two possible examples of recombinatorial events from unknown 12 sources were found. The mean divergence between allele 7 of recP (6.66%) is much higher 13 than the mean diversity within the other recP alleles (0.37%), with exception of allele 3 14 (3.61%) (Fig. 2) . This divergence is higher than the divergence observed by Enright and CH35. The molecular sizes (in kilobases) of the labelled fragments are indicated on the left. 
